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TEACHING STUDENTS WHO HAVE DIFFICULTY MASTERING IMITATION
Jennifer Mrljak, Ph.D.
Western Michigan University, 2017
Some children with autism are unable to acquire imitation despite receiving early
intensive behavioral intervention (EIBI) meant to teach that and other important skills.
Many EIBI programs use physical-prompting hierarchies either as a component of the
discriminative stimulus or the correction procedure following an error (Lovaas, 1981;
Maurice, Green, & Luce, 1996). But even after lengthy exposure to these teaching
techniques, some children still do not acquire imitative repertoires. In the present study,
working with students who were not acquiring imitative repertoires, we started with
shaping the initial imitative responses as a method to gain stimulus control and then
introduced physical prompting to establish the other imitative motor responses. The
primary differences from common EIBI teaching methods were the initial use of shaping,
and also starting with a longer duration of the model’s actions and reducing that over
time. Then, antecedent physical prompting was introduced, with considerations for the
position of the prompts and response-effort requirements. As a result, all three students
acquired a variety of imitative responses and some showed some generalized imitation.
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TEACHING STUDENTS WHO HAVE DIFFICULTY MASTERING IMITATION

Imitation is a critical skill for students with autism, essential for their overall skill
acquisition, including daily living and social skills; and generalized imitation can
facilitate observational learning (Ingersoll & Schreibman, 2006; Ledford, Gast, Luscre, &
Ayres, 2008; Lovaas, 1981). Learning to imitate can reduce the amount of time spent
teaching other skills and reduce the use of physical prompts in subsequent teaching
procedures by being able to use model prompts. In addition, imitation is a prerequisite
skill for many commonly used instructional practices in behavioral treatments, is often
one of the first targeted skills for instructional programs (Leaf & McEachin, 1999;
Maurice, Green, & Luce, 1996; Soorya, Arnstein, Gillis, & Romanczyk, 2003) and is
considered a behavioral cusp (Hixson, 2004; Rosales-Ruiz & Baer, 1997).
The ability to imitate is commonly noted as one of the pretreatment variables that
seem to predict later outcomes (Goldstein, 2002; Lovaas & Smith, 1988; Sallows &
Graupner, 2005; Weiss, 1999). Furthermore, imitative repertoires have been associated
with other critical skills (Ledford & Wolery, 2010). Imitation abilities predicted later
language acquisition for students with autism spectrum disorders (ASD) (Charman,
Baron-Cohen, Swettenham, Baird, Drew, & Cox, 2003; Thurm, Lord, Lee, &
Newschaffer, 2007). Generalized imitation may also contribute to the development of
appropriate play skills (Stone, Ousley, & Littleford, 1997).
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Observational learning is the acquisition of new behavior as the result of
observing a model (Bandura, 1977), or the acquisition of behavior not directly taught or
reinforced (e.g., Ledford et al., 2008). Once a student has a generalized imitative
repertoire he or she may acquire more appropriate social and play skills through
observational learning (Ledford & Wolery, 2010). In an educational context,
observational learning is important because it may result in more efficient learning across
domains, including academics (e.g., Ledford et al., 2008) and social skills (e.g.,
Nikopoulos & Keenan, 2007).
Teaching Imitation
In early intensive behavioral interventions (EIBI) and other applied behavior
analysis (ABA) training techniques, teaching imitation involves a tutor modeling a
response for the student to imitate. Typically, the tutor will provide a discriminative
stimulus consisting of the modeled response and a vocal instruction (e.g., “do this”). If
the student does not independently respond after a few seconds, the tutor provides a
hierarchy of prompts, guiding the student to imitate the model. Physical-prompting
strategies are either incorporated into the discriminative stimulus prior to the student’s
response, or as part of an error-correction procedure after the student fails to properly
imitate.
Lovaas’s (1981) book, Teaching Developmentally Disabled Children: The Me
Book, was often referenced as a foundational guide when arranging teaching methods for
students with autism. The imitation-training procedure consisted of a vocal instruction,
“do this” with a model of the target response. The prerequisites described for imitation
training included sitting in the chair quietly without engaging in any disruptive behavior
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or stereotypy, and visually attending to the teacher’s face. The first training response was
‘arms up’, which consisted of the model and the student engaging in a response with their
hands above their head. The procedure suggested using physical prompts to get students
to respond, fading those prompts over time, and withholding reinforcers for selfcorrecting behaviors (Lovaas, 1981).
Another commonly referenced guide, Behavioral Intervention for Young Children
with Autism: A Manual for Parents and Professionals (Maurice, Green, & Luce, 1996),
described teaching methods to use when working with students with autism. Similar to
Lovaas’s (1981) imitation-training method, Maurice et al. (1996) incorporated the
instruction, “do this” with a model; and noted the importance of using both a vocal
discriminative stimulus and a modeled response. Both guides suggested prompting the
student to perform the modeled action, reinforcing the response, and then fading the
prompts. Though, Maurice et al. (1996) only described one prerequisite skill-- the student
should be able to sit in a chair; and, the first target responses suggested were ‘tapping the
table’ and ‘clapping hands.’
There are varying practices surrounding the use of physical-prompting strategies
to teach imitation (Ledford & Wolery, 2010). But, there does not seem to be a consistent
way to determine which prompting strategy will be most successful for a particular
student. A recently published study, found after this research had been conducted, used a
brief assessment of delayed imitation and attending skills to predict the effectiveness of
interventions specifically designed to address those deficits (Valentino, LeBlanc, &
Conde, 2017). The use of this assessment should strengthen the teaching techniques used
when selecting efficient prompting strategies for imitation training.
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The curriculum used in the WoodsEdge Early Childhood Special Education
(ECSE) classroom, the setting of this study, was based on Lovaas’s (1981) curriculum.
The classroom’s standard physical-imitation procedure included the instruction, “do this”
with a tutor modeling the target response, which provided the opportunity for the student
to respond. If the student did not complete the response independently, or emitted an
incorrect response, the tutor was instructed to use a least-to-most (LTM) intrusive prompt
hierarchy as an error-correction. Following the error correction, the tutor moved to the
next trial. This procedure first targeted the imitative responses ‘touching nose’ and
‘clapping’.
Historical Classroom Data
The historical WoodsEdge ECSE curriculum data were examined as preliminary
research (see Appendix M). First, we took a sample of 23 previous students. We
identified a number of students who had remained in a highly-structured learning
environment and, of those students, presumably--critical repertoires that were missing.
The critical components identified included time spent in acquisition, or failure to acquire
skills, in domains such as matching, receptive and expressive language, and imitation.
There were key differences in those areas between students who went on to lessstructured settings and those who remained in highly-structured settings. And, the data
from the population who had remained in highly-structured classrooms helped us identify
the current low-trajectory students who were failing to make significant gains in the
ECSE classroom curriculum. Those data (Appendix M) were fairly consistent with the
findings in the literature, regarding specific skill deficits and outcome groups (Lovaas,
1987; Sallows & Graupner, 2005). Furthermore, we closely examined those students’
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progress through the imitation curriculum in our ECSE classroom (see Tables 1 and 2).
We used those data to guide our examination of current students’ acquisition of imitation.
And, it guided this study for revising the imitation-training procedure for low-performing
students.

Table 1
Low-Trajectory Students: Imitation Curriculum Data
LT
Students:

1st
Procedure

Approx.
Time to
Mastery
1 mo.
1 mo.
2 mos.
2 mos.
1 wk.

# of
Trials

2nd
Procedure

Approx.
Time to
Mastery
5 mos.
<1 mo.
6 mos.

# of
Trials

A
Physical
150
Manipulative
970
B
Physical
340
Manipulative
220
C
Physical
750
Manipulative
1325
D
Physical
1050
Manipulative
R
E
Physical*
230
Manipulative*
R
F
Physical
R
Manipulative
R
G
Physical
R
H
Manipulative
6 mos.
870
I
Manipulative
4 mos.
1630
Manipulative
5 mos.
930
J
Manipulative
8 mos.
1870
K
Manipulative
R
Physical
R
L
Manipulative
R
M
Manipulative
R
Note. Imitation data from 13 students on a low-trajectory, who moved to more-supportive
classrooms following the ECSE classroom. R = The procedure was removed from the
curriculum. - = The procedure was never introduced into their curriculum. * = The
second time the procedure was introduced into their curriculum.
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Table 2
High-Trajectory Students: Imitation Curriculum Data
Approx.
# of
Time to
Trials
Mastery
A
Physical
220
B
Physical
270
Manipulative 1.5 mos.
490
C
Physical
370
D
Physical
1530
E
Manipulative
370
F
Manipulative
440
Physical
1 wk.
120
G
Manipulative
730
Physical
1 wk.
120
H
Manipulative
470
Physical
1 wk.
120
I
Manipulative
R
J
Note. Imitation data from 10 students on a high-trajectory, who moved to less-supportive
classrooms following the ECSE classroom. R = The procedure was removed from the
curriculum. - = The procedure was never introduced into their curriculum
HT
Students:

1st
Procedure

Approx.
Time to
Mastery
<1 mo.
<1 mo.
<1 mo.
4.5 mos.
<1 mo.
<1 mo.
2 mos.
2 mos.

# of
Trials

2nd
Procedure

In the ECSE classroom, some students demonstrated difficulties or failed to
acquire imitation, despite our explicit training on motor and manipulative imitation in the
curriculum. The classroom curriculum is comprised of skill-acquisition procedures to
teach pre-learner and basic skills using discrete-trial training. Each procedure consists of
phases to teach the skill. Progress to the next phase in a teaching procedure is determined
by correctly responding at 90% or greater for two-consecutive sessions, or 80% or greater
for three-consecutive sessions. The standard classroom criteria for failing to progress to
the next training phases is 20-consecutive sessions without meeting phase-change
criteria, or five-consecutive sessions with correct responding at or below 50% correct. In
the present study, if a student’s overall rate of acquisition suggested the student was atrisk for a low-academic trajectory (i.e., based on the previously described criteria, and
previously specified critical skill domains) and the student demonstrated little or no
progress on the standard imitation-training procedure in the classroom (i.e., failed to
6

master a phase), we implemented a new imitation-training procedure, to be described
below. The purpose of this study was to teach imitation to low-performing students who
previously had not been able to learn imitation skills.
Method (General)
General Student Demographics 1
Students were identified as being on, or at-risk, for a low-academic trajectory
based on teacher reports and the low rates of skill acquisition throughout their time in the
classroom (see Appendix M). They were monitored closely with regard to their progress
in acquiring critical skills, including imitation. Three students were selected for motorimitation training. None of the three students had made significant academic progress.
Two of the students, Elton and Easton, were not responding well to the classroom’s
imitation-training procedures, and the third, Leah, had not yet received the standard
imitation procedure. The specific inclusionary criteria for the students will be described
later.
Each student enrolled in the ECSE classroom was assigned to a program
specialist. The program specialist worked with the classroom teachers to provide
oversight of the student’s skill-acquisition procedures, behavior-reduction protocols, and
tutor training. Prior to imitation training, we worked with the student’s program specialist
to ensure the students acquired the appropriate prerequisite skills, using a predetermined
set of procedures. Prerequisite skills consisted of attending behaviors, such as sitting
appropriately, spontaneous eye contact, tracking objects, and matching; and were a part
of each student’s curriculum if they did not have these skills upon entering the classroom.

1

Pseudonyms were used to protect students’ privacy.
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Ideally, students mastered those prerequisite skills, or least were close to mastery,
before beginning the modified imitation training. Additionally, students should have been
able to track the movements of objects for up to 3 s on the table and in their visual field,
and demonstrated the ability to sustain eye contact with the tutor for 3 s. The three
relevant procedures (appropriately sitting, tracking objects, and eye contact) involved
shaping components to acquire the appropriate responses. Furthermore, two of the
students demonstrated mastery of a matching-to-sample procedure, either matching
identical objects or identical pictures. The prerequisite skills in the classroom curriculum
aligned with suggestions from Taylor and McDonough’s (1996) guidelines, Maurice et
al.’s (1996) manual, and Striefel’s (1974) list of prerequisite skills (Cooper, Heron, &
Heward, 2007).
Setting
This study took place in an Early Childhood Special Education (ECSE)
classroom, at WoodsEdge Learning Center, in southwest Michigan. The classroom was
also a practicum setting for Western Michigan University’s psychology students, who
were typically the primary tutors implementing behavioral interventions in the classroom.
All sessions were conducted in the student’s work area in the ECSE classroom, under the
supervision of the researcher.
Independent and Dependent Variables
The independent variables included the use of a shaping procedure and the later
implementation of physical prompting for imitation training. The secondary independent
variable included the use of an error protocol. The dependent variables were the
acquisition of the trained imitative behaviors and the novel imitative behaviors, used to
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assess generalized imitation. A secondary dependent variable was the number of errors in
training.
Research Design
We used an ABC design, baseline, shaping, and prompting conditions, to teach
imitation to each student. The shaping and prompting conditioned involved multiple
phases, which varied from student to student depending on their performance. We also
used the generalization tests to assess imitation skills throughout the shaping and
prompting conditions.
Interobserver Agreement
The primary researcher, research assistants, and the student’s tutors collected
interobserver-agreement data (IOA). Trial-by-trial IOA data were collected for Elton on
10% of skill-acquisition sessions with a mean agreement of 89% and a range of 80% to
100%. Trial-by-trial IOA data were collected for Easton on 32% of all sessions with a
mean agreement of 97% and a range of 90% to 100%. Trial-by-trial IOA data were
collected for Leah on 19% of all sessions with a mean agreement of 98% and a range of
85% to 100%.
General Procedures
Standard Classroom Imitation Procedure
The standard classroom procedure for imitation training consisted of the tutor
modeling the target response while stating, “do this” and providing the student with an
opportunity to respond. If the student engaged in the correct imitative response the tutor
provided an edible or toy reinforcer and praise, such as, “good job.” If the student failed
to respond, or responded incorrectly, the tutor repeated the instruction, “do this” and
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modeled the target again, if needed. Following the second delivery of the instruction, the
tutor then began a least-to-most (LTM) prompting hierarchy as an error correction,
utilizing physical prompts that moved from a partial-physical prompt, followed by a fullphysical prompt on the last presentation of the instruction and model, if needed.
Baseline
Elton previously failed2 to acquire imitation with this standard classroom
procedure for motor imitation. Easton previously failed to acquire the first two responses
of the manipulative (object) imitation procedure, which used this same training but
included the use of objects. We used the physical-imitation procedure data as baseline for
Elton. Baseline sessions for Easton and Leah consisted of presenting all six of the
standard classroom’s motor-response targets, for three sessions. During the baseline
sessions, the six targets were randomly presented, and included the LTM hierarchy for
error correction as used in the standard classroom procedure. Baseline included the six
terminal responses from the standard classroom procedure: ‘clapping hands’, ‘touching
nose’, ‘tapping the table’, ‘raising both arms up’, ‘stomping feet’, and ‘waving’.
Shaping
The initial imitation-training procedure in this study included an intensiveshaping component. The selected target responses and the sequence of the targets were
determined as potentially being relatively easy, or at least easier than those included in
the beginning of the standard classroom procedure (Erjavec & Horne, 2008; Maurice et

2

The criteria used to determine a lack of progress in the standard imitation procedure
were either five-consecutive sessions at 50% or below, or 20-consecutive sessions
without progress to the next phase of the procedure.
10

al., 1996). Two considerations were addressed by rearranging the order of the training
targets. First, the target response was visible to the student. This allowed the student to
see (themselves engaging in) the behavior at the same time they were seeing the tutor
modeling that behavior. Second, the initial training responses used both hands or both
feet, and therefore did not require the discrimination between one-or two-limbed
responses or cross-body movements (Erjavec & Horne, 2008).
The initial training targets generally included: ‘tapping the table’, ‘clapping
hands’, and ‘raising both arms up’. The target responses selected were specific to each
student and varied slightly in order depending on the students’ previous curriculum
history. It is important to note that though the students may have emitted some of these
motor responses, they never did under imitative stimulus control. For example, a student
may have previously tapped the table during prior academic tasks or play periods, but the
student never tapped the table when the model did.
Subsequent targets were selected from various assessments, the Verbal Behavior
Milestones Assessment and Placement Program (VB-MAPP) (Sundberg, 2014) and the
Assessment of Basic Language and Learning Skills-Revised (ABLLS-R) (Partington,
2006). They were also selected from other sources (Baer, Peterson, & Sherman, 1967;
Erjavec & Horne, 2008) and from current procedures in the classroom curriculum.
Additionally, various targets were used throughout generalization tests and later became
teaching targets (see Appendix J).
In the shaping procedure (see Appendix G), the imitative response (topography)
was gradually increased to be more and more like the modeled response. The training
responses were subdivided by successive approximations to the target response per each
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phase (see Table 3). Each component response set the criteria for a correct response; and
any response that did not meet the current topography requirement was incorrect. No
reinforcers were provided for incorrect (different responses) or scrolling responses
(incorrect responses immediately followed by the correct response). For example, the
initial-phase criterion for ‘tapping the table’ required the student to place his or her hands
anywhere on the table, during a 20-s model of the tutor tapping the table. The
intermediate phase required the student to place his or her hands on the table and to lift
them off of the table. In the terminal phase the student was required to place his or her
hands on the table, lift them, and place them back onto the table. This last component
phase required the complete ‘tapping-the-table’ response as a correct response.
In the beginning phase of this imitation training, the tutor presented the
instruction, or discriminative stimulus, “do this” and modeled the response for up to 20 s.
At any point within the 20-s model, if the student engaged in the required response, social
praise (such as, “good job”) and a highly-preferred edible or tangible reinforcer were
immediately given to the student. If the student failed to do this, the tutor ended the trial
and no tangible/edible reinforcers were provided. The tutor then gave a high-probability
instruction (e.g., a ‘high five’), conducted a quick forced-choice preference assessment,
and either let the student have the preferred item or the tutor held on to the selected item,
and then moved on to the next imitation-training trial. The tutor held onto to the selected
item or gave it to the student, randomly, to increase motivation for that specific
reinforcer. That selected item was then used as the reinforcer for the next training trials.
First, the response intensity and topography of the imitative responses were
shaped. Once the student reliably emitted the correct response and met mastery criteria,
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the length of the model was systematically decreased from the initial 20 s. Then, the
modeled target response decreased by five-second intervals once criterion was met. The
terminal criterion was making the correct imitative response, with a five-second model,
which is a similar duration of a typical discriminative stimulus (instruction) in the
standard classroom procedures. Throughout this imitation training, responses were
correct if they occurred within 5 s after the model. The shaping procedure was only used
for training with the first two-to-five imitative responses, and then physical prompting
was used, as discussed later.
Table 3
Summary of Shaping Phases

Shaping:

Model
Length:

Phase A

Phase B

Phase C

First
component
of the
response
form

Second
component
of the
response
form

Complete
response
form

20 s

20 s

20 s

Phase
D

Phase
E

Phase
F

15 s

10 s

5s

Error Protocol
An error protocol (see Appendix I) was developed because of response scrolling
shown by the first two students, and was also used with the third student. Scrolling
occurred during imitation-training sessions and outside of these sessions throughout the
students’ regular schedule. Scrolling was defined as the student emitting an incorrect
response, or a series of incorrect responses (such as topographically different responses)
to the model’s SD. However, this error protocol was also used immediately after any
incorrect response, regardless of whether scrolling had begun.
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This protocol began with the tutor or researcher interrupting the student’s first
incorrect response. Then, the tutor guided the student’s hands in a ‘quiet-hands’ position
(either hands stacked or next to each other; and on the table or in the student’s lap) while
hovering over his or her hands to prevent more stereotypy or scrolling. Then, the tutor
turned slightly away from the student but blocked any further responses. The error
protocol was implemented for 5-to-10 s. The purpose of the delay was to minimize the
possible reinforcing effects of the presentation of an SD for the next to-be-reinforced
imitative response (Baer et al., 1967). This protocol was monitored for problematic
behaviors or any other possible negative side effects, and no issues emerged as a result of
diverting attention from the model during its implementation. Following this brief timeout from instruction, the tutor ended the teaching trial and gave a high-probability
instruction. The tutor then conducted a quick forced-choice preference assessment, and
either let the student have the preferred item or the tutor held on to the selected item, then
moved on to the next imitation-training trial.
Antecedent Physical Prompting
Antecedent physical prompting was introduced for all three students. By using
shaping, we had established two-to-five imitative responses under the stimulus control of
the model’s responses. Each student had transitioned into this prompting method at
different points in the shaping procedure due to student-specific issues (as described in
each of the case studies). One goal of introducing this physical prompting was to
facilitate quicker acquisition of new imitative responses after the initial imitative
responding had been established. Another goal was to prevent errors and teach with
highly-optimal conditions.
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These physical prompts were provided in a modified most-to-least (MTL)
prompting method as part of the antecedent to the response. This differed from the
standard classroom procedure, which used physical prompts as an error correction after
the student failed to respond or responded incorrectly, with a least-to-most (LTM)
prompting hierarchy. Presenting a prompt before the response was done in an effort to
reduce the student’s errors. It is worth noting, that most students in the classroom (outside
of this study) were able to acquire imitation through the use of the standard classroom
procedure, which used the LTM physical prompts only for error correction. But, for some
of these low-trajectory learners, the least-to-most prompting had been unsuccessful in
facilitating acquisition of imitation (Tables 1 and 2; and Appendix M).
This physical-prompting procedure (see Appendix H) included the use of a
second tutor for prompting. The prompter sat behind the student as the student faced the
model. This prompting arrangement differed from the prompting arrangement in the
standard classroom procedure. The standard procedure utilized the tutor as the model and
subsequently as the prompter who provided the physical prompts if the student failed to
emit the target response (i.e., a discontinuous or interrupted model). This modifiedprompting method permitted the model to remain in front of the student and continue to
model the target response while the student was prompted from behind (i.e., a continuous
or uninterrupted model). Once the tutor or researcher obtained eye contact with the
student, they modeled the target response with the instruction, “do this.” Within 1-2 s
after observing the model, if the student did not independently emit the correct response,
the prompter (seated behind the student) physically prompted the student through the
complete response.
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This physical-prompt fading process gradually moved from the moderatelyintrusive prompt at the elbow, to the bicep, then further back to the armpit or shoulder,
followed by a light-touch prompt to the shoulder until the prompt was completely
reduced and the student responded independently (see Table 4). For most of the training
targets that included the use of the arms, the physical prompts were typically introduced
by starting at the elbow. This was done so that the initial prompt level was only
moderately intrusive. Additionally, by starting all prompts at the elbow for armmovement targets, we could increase the likelihood that the student was responding to the
modeled target, in addition to the prompt. And, it always required the student to complete
much of the response, because the prompter did not use the most intrusive prompt (such
as a hand-over-hand prompt) where the tutor guides the total response.
We did not always have a separate prompter available for Elton; however, Easton
and Leah did, for all prompted training responses. Physical prompts were faded out
across sessions for all students. Occasionally, physical prompts were faded out within
training sessions. Specific prompting methods and fading techniques are described in
each of the students’ section below.
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Table 4
Summary of Prompting Phases
Level 1
Level 2
Prompting: Prompt
Prompt
position is at position is at
the elbow;
the
or other
triceps/back
middleof arm; or
starting
one step
position
back from
the middlestarting
position

Level 3
Prompt
position is at
the armpit/
shoulder; or
two steps
back from
the middlestarting
position

Level 4
Prompt
position is a
light touch to
the back of
shoulder; or
a light touch
to area two
steps back
from middlestarting
position

Level 5
Independent
response

Generalization Tests
Generalization tests occurred throughout different phases of each student’s
imitation-training procedures. These sessions consisted of modeling novel (untrained)
responses to assess for generalized imitation. Previously mastered imitation responses, as
well as other mastered skills, were interspersed throughout generalization tests to
maintain responding and high rates of reinforcement. Typically, we assessed 8-12 novel
responses, per generalization test.
The tutor modeled the novel response up to three times with the instruction, “do
this”. Correct responses were defined as independent and accurate responses to the
model. Reinforcement was also provided for approximated responses. No physical
prompts were used. During these generalization tests, it was important for the tutor to
distinguish between the student’s responses. An approximation to the model was defined
as a single response that had similar response form to the model, but may not have been a
complete response. An incorrect response differed in response form. And, scrolling
responses were defined as a rapid sequence of responses that were previously mastered
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responses, and the error protocol was implemented for those instances. For example, if
the probed target was ‘wiping table’, and a student engaged in an immediate sequence of
‘clapping hands’, ‘raising arms up’, ‘tapping table’ and then ‘wiping table’, the
researcher quickly interrupted the responding and implemented the error protocol.
If the student did not respond or approximated a response to a novel target, then
those targets were often moved into subsequent training phases. If the student responded
accurately and independently to a novel target, twice (across generalization tests), then
those targets were considered mastered. And, then those responses were included in
maintenance sessions.
Case Study #1: Elton
History
Elton was three years old at the start of intervention. Prior to starting this
imitation procedure, he was in the classroom for a little over six months, and had only
mastered three procedures. Almost no progress was made, as correct responding was near
zero for most procedures, and his curriculum required supplemental revisions to facilitate
acquisition of some of the most basic learning goals.
Before imitation training began his program specialist, researcher, and classroom
teachers collaborated to evaluate his prerequisite skills and implement other skillacquisition procedures. An attending-to-a-gestural-prompt procedure was implemented,
which used shaping to train an observing response and tracking of the tutor’s gestural
prompt. Following that, a shaping-eye-contact procedure was used to train unprompted
eye contact (without a vocal instruction) and to increase the duration of the eye contact.
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He had some problem and stereotypic behaviors during his first few months in the
classroom. He pinched and grabbed the tutor’s arms; and often cried throughout trainings.
Another issue was the lack of effective reinforcers. Typically, he did not show interest in
any social, reciprocal, or toy play. Instead, if toys were presented, he would engage in
stereotypic behaviors and manipulate the toys inappropriately (e.g., flipping the corners
of the book, picking up and dropping toys repetitively, and biting or mouthing objects).
Furthermore, some of his early acquired skills had not maintained. This included a
geoboard-puzzle procedure; a five-piece puzzle with different colored geometric shapes.
Originally, the procedure had required multiple revisions for him to learn the skill; this
included more intensive physical prompting (MTL) than the standard classroom (LTM)
prompt hierarchy. After mastering the geoboard procedure, the skill was tested later in
the semester and mastery had not maintained; and we retrained the geoboard puzzle,
before beginning a matching procedure. Because matching is a critical skill, the 3dimensional and 2-dimensional matching procedures were kept in his daily schedule. In
addition to working daily on these procedures, we planned for maintenance and
generalization across all of his matching procedures by incorporating a wider variety of
stimuli over time.
Reason for Inclusion
In addition to those problems, Elton had not made significant progress with the
classroom’s standard imitation procedure. His original imitation procedure had been
previously revised and the tutor was instructed to incorporate more intrusive physical
prompting (the use of most-to-least prompting). Still, Elton had failed to make progress
with imitation (‘touching nose’ and ‘clapping hands’) across 26 sessions. Therefore, we
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implemented an imitation procedure with the shaping, before adding the antecedent
physical prompting.
Method
Baseline and Assessment
We used Elton’s scores collected from the standard classroom physical imitation
procedure as baseline data. During those 26 sessions, he obtained a maximum of 40%
correct for only one session, and an average of 3% correct. We used the first
generalization test (session #55) like a second baseline measure, to assess performance on
the six different imitation targets from the classroom procedure. He did not engage in any
correct independent responses or any approximations to the model.
Shaping Procedure
The initial shaping procedure involved the training of a single motor response,
‘tapping the table.’ Upon mastering ‘tapping the table,’ ‘raising arms up’ was introduced,
and subsequently ‘clapping hands’ as the third response. With the introduction of each
new imitative response, the previously mastered responses were maintained and
interspersed between acquisition trials. As mentioned earlier, first the response
topography was shaped, then the duration of the modeled response was decreased. This
shaping procedure was primarily implemented by Elton’s regular tutor after receiving
training, monitoring of performance, and feedback from the researcher.
During the initial training of ‘tapping the table,’ there was a discrepancy between
where Elton’s hands should be when starting the trial. He was placing his hands on the
table immediately after a reinforcer or procedure materials was removed, and upon the
start of any spoken instruction by the tutor. The procedure was revised so that tutor
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started each trial with Elton’s hands in a ‘quiet-hands’ position before delivering the SD.
The ‘quiet-hands’ position had already been mastered, in which Elton stacked his hands
on the table or in his lap. This revised setup started at session #36. It required Elton to
move his hands from the ‘quiet-hands’ position into the ‘tapping table’ response (Phase
A), upon the instruction and model to do so, as opposed to starting the trial with his hands
already out on the table.
The first four imitative targets included: ‘tapping the table’, ‘clapping hands’,
‘raising arms up’, and ‘stomping feet’. After acquiring those four imitative targets, we
planned to introduce a new sequence of more difficult responses. The next training
response was ‘waving’. The ‘waving’ response eventually met mastery criteria, but was
difficult to train using only shaping as there were high rates of errors and interfering
behaviors. After spending 40 sessions of shaping ‘waving’, we introduced a prompting
method to increase accuracy of the response.
Physical-Prompting Procedure
The primary tutor no longer conducted the sessions. Instead, the researcher was
the only one working with Elton during the acquisition of subsequent imitative behaviors.
And because ‘waving’ took a long time to shape, and in spite of his having the
appropriate prerequisite skills, such as eye contact, we added physical prompting for two
sessions. Then, we introduced ‘patting stomach’.
As previously described, the prompting procedure used a most-to-least hierarchy,
modified to start with a minimally-intrusive prompt. Therefore, for the ‘pat stomach’
response, the beginning-level prompt started at the elbow, rather than a hand-over-hand
prompt. However, Elton stopped responding to the model during sessions #165 through
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#176, and began waiting for the elbow prompt before responding. Therefore, the
researcher added a new training target, ‘touching mouth’ (session #188), which also had
the same beginning-level prompt, at the elbow, so that Elton’s behavior would have to be
under the control of the model stimulus, as well as the prompt.
After 12 more sessions, Elton’s eye contact with the model decreased, as he was
turning to attend to the prompter. Therefore, the experimenter added the more relevant
requirement of making an observing response, of the modeled behavior, before providing
the physical prompt (session #202). The prompter, seated behind Elton, prevented his
responding to the model until the model had completed the entire response. The
researcher then began repeating the model, and Elton was allowed to make an
unprompted response. If he did not emit the correct response, it was modeled a third time
while a prompt was provided at the elbow. If he engaged in scrolling behaviors, the
scrolling protocol was implemented. Then, a within-session prompt-fading protocol was
used (session #209), where the physical prompts were faded out to allow for the
possibility of independent correct responses by the end of the session. Furthermore, we
stopped training the ‘touching mouth’ after session #204; and ended last eight sessions
with ‘pat stomach’.
Scrolling Data
Specific scrolling data were collected beginning with session #163. We did not
collect prior scrolling data for two reasons. First, it was not apparent that scrolling was a
large enough issue to collect trial-by-trial data. They were marked as incorrect responses
because the student only had a few imitative responses and the tutor and researcher did
not observe any specific error patterns. Second, there were time constraints while
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developing a scrolling protocol. The researcher had to operationally define scrolling,
develop a protocol that was not going to interfere with procedural implementation and
data collection, and ensure that it met classroom standards. The error protocol began at
session #170.
Generalization Tests
As previously described, generalization tests included the presentation of novelimitation targets. Gross and fine-motor movements were included in all tests, and
manipulative-imitation targets were occasionally included. A total of nine generalization
tests were conducted for Elton.
Results and Discussion for Elton
The results for Elton are presented in Table 5. Overall, across 216 total sessions,
he acquired six imitative responses from training. And, seven imitative responses were
acquired without training. He scored a high of 40% correct on the last generalization test.
The ‘waving’ response met mastery criteria, though, the ‘waving’ response was not
topographically accurate (i.e., he waved with a front-to-back motion instead of the sideto-side motion). We considered it a mastered target, but used an additional two sessions
of physical prompting before including it in maintenance sessions. He consistently
responded correctly to the ‘waving’ model, even switching his arms when the model did.
His performance improved across generalization tests. He scored 0% during the first two
generalization tests, sessions #55 and #73 respectively. He scored a high of 40% correct
on the last generalization test (out of nine tests). Initially, during the generalization tests
he failed to respond, or if he did, it was not a close approximation. Over time, the
accuracy of his responding increased and responses were more similar to the model. The
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lack of treatment fidelity with an entry-level tutor may have accounted for Elton's slow
progress in the first part of the shaping procedure, before the primary researcher became
the only tutor to implement this procedure. Elton ended services at school at the end of
April (2015), and started receiving services at a local autism center. Follow-up data were
not available.

Table 5
Elton’s Imitation-Training Sessions
Phases:

Session #:

Baseline

1-26

Shaping

Physical
Prompting

Targets:
Clapping
Touch Nose
Tap Table
Arms Up
Clapping
Stomp Feet
Waving
Waving
Pat Stomach

27-89
90-99
100-111
116-117
123-162
163-164
165-176

Sessions to
Mastery:
26 X
62
10
12
2
40
2
10 X

Touch Mouth
15 X
Pat Stomach
209-216
Pat Stomach
8
115
Tap Wall
115, 177
Touch Head
177, 178
Kick 1 Leg
Acquired
Generalization
177, 208
Arms Out
without
Tests
training
208
Tap Block*
208
Stack Blocks*
208
Hold Up Block*
Note. An ‘X’ following a number, in the sessions to mastery column, means that training
target was discontinued and did not meet mastery criteria. An * after the target name
represents a manipulative imitation response in which an object was used.
188-204

About halfway through this study, which was during the last four-to-five months
of his time enrolled in the classroom, he demonstrated more appropriate play skills. He
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was able to appropriately play with blocks and flip through pages of books. Overall,
tutors reported that his crying had reduced, his eye contact sustained as evident by
meeting mastery for the unprompted-eye-contact procedure. Furthermore, he responded
better to physical contact (during leisure and play), though there were still issues during
training sessions. He also responded better to social praise compared to the beginning of
his time in the classroom.
Case Study #2: Easton
History
Easton was three years old at the start of the intervention. Prior to starting this
imitation training, he was in the classroom for approximately five months, and had
mastered four procedures. He mastered simple procedures such as geoboard, star stacker,
pushing-a-cart, and match simple objects during his first semester. These procedures are
meant to establish basic instructional control. He completed these with minimal
supplemental supports. Then, his curriculum included match simple pictures, quiet hands,
manipulative imitation, and turn taking (with the tutor), which involved more complex
auditory discriminations and conditional-visual discriminations; and he was not making
adequate progress.
At that time, his program specialist, researcher, and classroom teachers
collaborated to evaluate his prerequisite skills and implement other skill-acquisition
procedures. An attending-to-a-gestural-prompt procedure was implemented, which used
shaping to train an observing response and tracking of the tutor’s gestural prompt.
Following that, a shaping-eye-contact procedure was used to train unprompted eye
contact (without a vocal instruction) and to increase the duration of the eye contact.
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Reason for Inclusion
Easton had not made significant progress with the classroom’s manipulativeimitation procedure, which was the first imitation procedure introduced in his curriculum.
This procedure involved the use of two objects: the tutor modeled a response using one of
the objects; then handed a separate, matching object, to the student and modeled the
response again. If the student failed to emit the correct response to the model, the tutor
then used a least-to-most prompting hierarchy. The program specialist introduced a mostto-least prompting hierarchy, followed by a time-delay between the model and the
prompt, to fade the physical prompts. After 28 sessions, there was no progress. The tutors
noted that, in general, he consistently responded with one of the two imitative-response
topographies, independent of the model.
Method
Baseline and Assessment
We used the Easton’s scores collected from the classroom’s manipulative
imitation procedure as a reference for baseline data. Though, we did not have direct
access to the trial-by-trial data nor any measures of IOA; therefore, we did not include
those data. Baseline data included three sessions of the classroom’s physical-imitation
procedure, which measured performance on six different imitation targets. During this
baseline condition Easton did not engage in any correct independent responses or any
approximations to the model.
Shaping Procedure
The shaping procedure was implemented following the physical imitation
baseline. The procedure began with a shaping-test condition (sessions #4 and #5) to
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assess which set of two modeled responses Easton was more likely to respond correctly
to, or approximate. The first session included ‘tapping table’ and ‘raising arms up’
responses, and the second session included ‘tapping table’ and ‘clapping hands’
responses. The sessions included the presentation of a 20-s model of the target response.
This was done to see if he would make any approximations to the modeled responses that
could be used most easily for the shaping procedure. Tangible reinforcers and praise were
given for correct responses. The results of the shaping test showed that Easton responded
to the model of ‘clapping hands’ with 100% approximations, ‘tapping the table’ with
50% approximations, and ‘raising arms up’ with 10% approximations, per the responseshaping criteria. It is worth noting, that these were merely response approximations, and
were not complete responses.
Following the shaping test, the shaping procedure was implemented for ‘tapping
table’ and ‘clapping hands’. We started the shaping procedure (session #6) with a model
length of 15 s because of quick responding during the shaping test. After another four
sessions, we decreased the length of the model to 10 s. The error protocol was
implemented in session #15 to decrease scrolling behaviors. He acquired the two
imitative responses; ‘clapping hands’ in 11 sessions, and ‘tapping table’ in 16 sessions.
The next phase of this imitation procedure included shaping a ‘raising arms up’
response (session #17). The researcher modeled the target response for 10 s, and the
response criterion included the student placing both hands at or above the level of his
chin. Throughout this phase, the student was engaging in high rates of stereotypic
topographies such as bouncing in the chair, hand flapping, emitting a screeching sound,
and scrolling responses. The researcher stopped the shaping procedure after five sessions
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to prevent both stereotypic and scrolling behaviors from strengthening. Then, the
prompting procedure was implemented. The subsequent imitative responses were
established using this modified physical-prompting procedure.
Physical-Prompting Procedure
The antecedent prompts were introduced in session #22, while training on the
‘arms up’ and ‘tap wall’ responses. The ‘tap wall’ response was mastered quickly.
Prompts were provided at the elbow and faded out across sessions; though, after seven
sessions of unsuccessfully fading out the physical prompts for ‘arms up’ we introduced a
second training target. Both responses, ‘arms up’ and ‘stomp feet’ were trained on
through sessions #36-46. The ‘stomp feet’ response was mastered after 11 sessions, and
‘arms up’ had failed to meet mastery criteria. We stopped training that ‘arms up’
response due to accompanying problem behaviors and scrolling behaviors. The
subsequent seven targets were successfully acquired using the antecedent physicalprompting method.
Scrolling Data
Scrolling data for Easton were collected throughout the entire imitation-training
procedure. During baseline, there were no instances of scrolling. However, during the
shaping-test phase scrolling occurred in one trial. And, through the first phase of shaping,
scrolling occurred during nine sessions, with a range of 0-3 instances per 10-trial session.
The error protocol was implemented at the beginning of the tenth training session
(session #15). As previously described, the error protocol included interrupting scrolling
and placing the student’s hands in a ‘quiet-hands’ position for a brief period of time,
without delivering additional instructions or attention.
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Generalization Tests
As previously described, generalization tests included the presentation of novelimitation targets. Gross and fine-motor movements were included in all tests, and
manipulative-imitation targets were occasionally included. A total of eight generalization
tests were conducted for Easton.
Results and Discussion for Easton
The results for Easton are presented in Table 6. Overall, across 118 sessions,
Easton acquired 11 imitative responses from training; whereas in baseline, he scored 0%
correct and emitted 0 imitative responses. And, throughout the procedure he acquired
three imitative responses without training. He scored 12.5% during the first two
generalization tests, sessions #34 and #35 respectively. He scored a high of 30% correct
on the fifth generalization test (out of eight tests). Scrolling data were at 0% for the last
nine sessions of the imitation-training procedure. Easton ended services from our school
in the early summer of 2015. Follow-up data were not available.
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Table 6
Easton’s Imitation-Training Sessions
Phases:

Baseline

Shaping

Session #:

Targets:
Clapping
Touch Nose
Arms Up
Tap Table
Stomp Feet
Waving
Clap
Tap Table
Arms Up
Tap Wall
Arms Up
Stomp Feet
Arms Up
Touch Mouth
Pat Stomach
Arms Out

1-3

6-16
6-21
17-21
22-23
22-28
36-46

Physical
Prompting

47-61
66-82

Sessions to
Mastery:

3X

11
16
5X
2
7X
11
11 X
15
16

84-89
Touch Shoulders
6
90-91
Touch Feet
2
103-107
Hug Self
5
111-117
Rub Hands
7
34, 83
Waving
Acquired
Generalization
64, 74
Tap Block*
without
Tests
training
64, 83
Stack Blocks*
Note. An ‘X’ following a number, in the sessions to mastery column, means that training
target was discontinued and did not meet mastery criteria. An * after the target name
represents a manipulative imitation response in which an object was used.

Case Study #3: Leah
History
Leah was three years old at the start of this intervention. Prior to starting this
imitation training, she was in the classroom for a little over six months, and had mastered
five beginning-level procedures. She did not have any imitative skills, nor did she
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demonstrate strong auditory discrimination, receptive language, or expressive language.
Her curriculum required intensive interventions for her to acquire critical prerequisite
skills such as sitting in a chair, eye contact, and social interactions. At that time, her
program specialist, researcher, and classroom teachers collaborated to evaluate her
prerequisite skills and implement other skill-acquisition procedures. An attending-to-agestural-prompt procedure was implemented, which used shaping to train an observing
response and tracking of the tutor’s gestural prompt. Following that, a shaping-eyecontact procedure was used to train unprompted eye contact (without a vocal instruction)
and to increase the duration of the eye contact.
Reason for Inclusion
Leah did not have prior experience with the standard classroom imitation
procedure before this shaping procedure. But given her poor performance on the more
basic classroom procedures, we collected baseline data to further assess her learning
skills in anticipation of implementing this imitation procedure. Throughout this study,
Leah was also receiving intensive supports for her vocal behavior and her receptive
identification, in other graduate students’ research projects. Due to the previous research
conducted on the historical classroom data (see Appendix M), Leah’s progress in the
curriculum was monitored more closely because she appeared to be lacking the
prerequisite skills that were identifiable as critical repertoires for success. The goal was to
move her into specialized interventions sooner to prevent errors during those early skillacquisition procedures.

31

Method
Baseline and Assessment
The first baseline phase consisted of five, 10-trial sessions of the first phase of the
standard-classroom procedure. The targets were ‘clapping hands’ and ‘touching nose’.
She approximated only five responses during those 50 trials. The second baseline phase
included the last phase of the classroom procedure, with the six imitative targets, to
assess other topographies. She scored an average of 28% correct (or approximations)
during six sessions, with a range of 20% to 38% correct, per 18-trial sessions. She
responded essentially only to the ‘raising arms up’ model. Following that second baseline
phase, we returned to baseline phase one, to further assess if learning would occur with
the standard-classroom procedure with the use of a least-to-most prompting hierarchy.
After five more sessions of no correct responding, we stopped the implementation of the
standard-classroom procedure because we were unable to get any responding using that
procedure and the LTM error correction.
Shaping Procedure
After the 16 sessions of baseline, we began the shaping procedure, included the
training targets ‘tapping table’ and ‘clapping hands’. At this point, Leah was also
receiving an intensive procedure for her vocal behavior, which also used a shaping
method. We noticed considerable carry-over effect, and a lack of stimulus control,
between procedures. She engaged in high rates of vocal behavior during imitation
trainings, and emitted motor responses, such as ‘tapping the table’, during the vocalbehavior-training sessions. After eight sessions in the shaping procedure for imitation
(sessions #17-24), we moved into the physical-prompting procedure to reduce any
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adverse effect of simultaneously shaping multiple responses across two different skill
domains, vocal and physical imitation, in which both shaping procedures were taking a
long time to establish stimulus control.
Physical-Prompting Procedure
The prompting procedure was implemented in session #25 during the acquisition
of the first two training targets, ‘tapping table’ and ‘clapping hands’. Antecedent physical
prompts were arranged using the modified most-to-least method. The initial training
sessions with this procedure involved the use of a physical prompt at the elbow by a
second tutor, rather than the more intrusive prompts at the wrists, and the prompts were
faded out across sessions. Again, this procedure differed from the classroom’s imitation
procedure, which uses a least-to-most prompting method as an error correction, and the
tutor delivering the model also delivers the prompts. In the present procedure, the
prompts are arranged in a most-to-least hierarchy, and a second tutor is seated behind the
student to provide the prompts. Physical prompts were used for the remainder of the
imitation training sessions.
Scrolling Data
Scrolling data were collected throughout the entire study including baseline
sessions, training sessions, and generalization tests. The error protocol was implemented
for any instance of scrolling.
Generalization Tests
Generalization tests were incorporated more frequently throughout Leah’s
imitation training, with a total of 28 tests. Often, generalization tests occurred following
the mastery of an acquisition target. The generalization tests included the presentation of
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novel target responses not previously used as training targets. During these tests,
approximations and independent correct responses were reinforced with an edible and
occasional access to a preferred tangible toy or iPad.
Results and Discussion for Leah
The results for Leah are presented in Table 7. Overall, across 120 total sessions,
Leah acquired 10 imitative responses from training. We counted the ‘arms up’ response
as mastered, as demonstrated by her baseline data. And, 15 imitative responses were
acquired without training. She averaged 30% correct (or approximations) on the
generalization tests. We increased the overall number of generalization tests, compared to
the first two students because Leah was emitting more generalized responses earlier, and
her rate of acquisition was faster. If she approximated a target during a generalization
test, but it was not completely accurate, that target was then moved into the subsequent
training sessions. Those specific targets were counted as a trained target, and not a
generalized response.
The physical-prompting procedure was implemented to increase the accuracy of
the response topographies, earlier. Four training targets were discontinued throughout the
training procedure, because we either were unsuccessful at fading the prompts, or the
response appeared to be too difficult to emit even with the support of prompts. The
change of training targets was to reduce the number of unsuccessful training sessions,
based on the assumption that the topography was likely too complex and difficult.
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Table 7
Leah’s Imitation-Training Sessions
Phases:

Session #:

Targets:
Clapping
Touch Nose
Arms Up
Tap Table
Stomp Feet
Waving
Tap Table
Clapping

1-16
Baseline
6-11

Shaping

17-24
25-32

Physical
Prompting

33-35
38-40
46-48
49-56
59-60
64-65, 71
81
82-88
92-95
108-111
114-117

Tap Table
Clapping
Stomp Feet
Pat Stomach
Touch Feet
Hug Self
Point
Rub Hands
Hands on Hips
Wipe Table
Wiggle Fingers
Point Fingers Together
Tap Shoulders
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Sessions to
Mastery:
16 X
6
6X

8X
8
3
3
3
8X
2X
3X
1X
7
4
4
4

Table 7—Continued
36, 73
Stack Blocks*
57, 61
Tap Wall
61, 62
Touch Mouth
61, 70
Pat Lap
62, 63, 70
Touch Head
62, 63
Touch Shoulders
68, 73
Hammer Hand*
Acquired
Generalization
68, 73
Hammer Wall*
without
Tests
training
76, 77
Touch Nose
76, 80
Lift 1 Leg
99, 101
Open and Close Hands
101, 103
Open and Close Mouth
118, 119
Knock on Table
119, 120
Lace Fingers Together
112, 119, 120
Wave Arms
Note. An ‘X’ following a number, in the sessions to mastery column, means that training
target was discontinued and did not meet mastery criteria. An * after the target name
represents a manipulative imitation response in which an object was used.

We used the classroom procedure as an early baseline assessment, and it was our
conclusion that it was likely she would have done poorly if she were to have continued
with the standard classroom procedure. Therefore, we used the shaping procedure and the
modified physical-prompting procedure, which may explain why we were able to achieve
generalized imitation. And as a result of the intensive interventions, Leah was able to
move from our discrete-trial-training classroom, into the group-skills classroom, thus,
successfully moving into a less-restrictive educational environment.
Anecdotally, as reported by the program specialist, researcher, and classroom
curriculum data, she acquired the following crucial skills: imitation, matching, receptive
identification, simple directions, and mastered many other procedures. Additionally, she
was showing signs of success in her next classroom, as reported by the classroom
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teachers, who taught in both classrooms (ours and her current classroom). And, the
success of Leah’s skill acquisition seemed to be a result of the early and intensive
curriculum coordinating by the researcher, other doctoral students, the program specialist,
and the teachers. Progress was especially due to the intensive-vocal procedure, intensiveimitation procedure, and intensive auditory discrimination procedure that were
implemented with her (which were all specialized research projects).
General Discussion and Conclusions
Two of the students failed to acquire imitation with the standard-classroom
procedures and the third would have probably also failed. These three students, at the
time, were on a low-academic trajectory, successfully acquired independent and accurate
imitative responses using training procedures that involved shaping and modified mostto-least prompting. And, the modified most-to-least prompting started with a consistent
prompt level at the elbow, rather than hand-over-hand prompting.
In addition, Leah demonstrated strong generalized imitation, as she was able to
independently respond to multiple novel targets across most of the generalization tests.
The other two students did not demonstrate a strong generalized imitative repertoire, as
they never scored above 40% correct on eight generalization tests. Though, they did
respond independently to novel targets during generalization tests. Therefore, given that
these two students left the study (and school) earlier than expected, the overall goal of
generalized imitation was not obtained to the highest degree. But, it is worth noting, that
these two students’ overall rates of errors and scrolling greatly decreased by the end of
their imitation procedures.
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Considerations
There are considerations with this study in regard to the use of shaping (Cooper,
Heron, & Heward, 2007, p. 425). First, the use of shaping can be time consuming. As
noted with the first student, it took 62 sessions just to acquire one response. Second,
shaping is a difficult procedure, requiring a single highly-trained tutor as it involves
selecting, defining and reinforcing approximations to the goal behavior, as well as
identifying the constantly changing approximations. Shaping may be the best, or even the
only procedure to use, with low-trajectory students to initially establish the imitative
stimulus control; however, since it is time consuming, it may be more expedient to switch
to physical prompting after attaining the initially shaped approximations to the terminal
response, as was done with Elton and Leah.
Elton’s primary tutor implemented the majority of the shaping procedure after
receiving training. Though, the lack of treatment fidelity, may have also affected the
amount of time Elton spent in the initial response-acquisition phase. As noted with the
low percentage of sessions with IOA, we should have provided more explicit monitoring
and feedback to the tutor as Elton acquired more imitative motor responses and emitted
more errors. Feedback was often provided to the tutor in terms of a monitoring score
from other supervisors in the classroom, but we should have used a formal treatment
integrity score for that procedure instead of the tutor monitoring form (which scored
overall DTT implementation), in addition to the IOA. Due to this issue, only the primary
researcher implemented the shaping procedures for Easton and Leah, and continued to
use the formal treatment integrity monitoring system with the research assistants and
prompters.
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Another consideration is the amount of human resources needed for these
interventions to be successful. The standard-classroom procedure was implemented with
one tutor. In contrast, a second person was needed, in order to optimize the prompting
procedure in this study. Regardless of the procedure, our goal was to use a highly-optimal
procedure with these students. In other classroom settings, finding a second person to
prompt may be difficult on a consistent basis.
Lastly, the use of reinforcers during generalization tests may have slightly
confounded the generality of this study. We delivered reinforcers for independent
approximations and independent correct responses that were accurate. This is contrary to
other studies, where novel-probe trials occurred under conditions in which no reinforcers
are provided (Baer et al., 1967; Young, Krantz, McClannahan, & Poulson, 1994). Given
the behavioral history of these students, and the practitioner approach of this work, we
determined it was appropriate to reinforce those responses (Azrin, 1977; Malott, 2017).
This shaping procedure was not systematically used in the classroom prior to this
study, though there were various skill-acquisition procedures that used shaping (e.g.,
shaping extra learning opportunities, shaping eye contact, and shaping vocalizations). As
with any new intervention, the costs and benefits must be evaluated often. It is important
to evaluate the prerequisite skills necessary for imitation, as well as the rate of acquisition
of imitation, for all students. There are no current standards for how long imitation
training should take, how many targets to train, or how many probes or generalizations
tests should occur. And, the literature has not identified the typical number of targets to
train before generalized imitation is demonstrated. Furthermore, there is not a substantial
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amount of literature supporting the sequence of teaching imitation (Ledford & Wolery,
2010).
Scrolling and Errors
The error protocol was implemented to decrease scrolling during imitation
training. Scrolling may be seen when a learner must select from a variety of responses.
This type of responding may have resulted from a sequence of responses that was
incidentally reinforced in training or when there was weak stimulus control for the
specific response. This specific-error protocol may have been effective in minimizing this
behavior, at least, in the imitation-training sessions.
Modified Physical-Prompting Procedure
The use of the modified most-to-least prompting hierarchy was designed to hold
the prompt position consistent across topographies, thus increasing the likelihood that the
physical contact of the prompt itself did not directly act as a discriminative stimulus
(incorrectly control) for the response topography the student was to emit. This modified
arrangement may have also increased the likelihood that the student observed the model’s
behavior before completing the response. By providing a consistent prompt level for
similar topographies, the researcher was also able to monitor the response effort and
topography the student independently emitted. If the student began to emit the response,
the researcher was able to appropriately decrease the intensity-level of the prompt (i.e.,
the position and level of assistance), or the number of physical prompts used (i.e., the
number of prompted sessions) in training.
It is imperative to ensure that the imitative responses are under appropriate
stimulus control. Obtaining eye contact and an observing response while modeling the
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target response may greatly increase the likelihood that the response is under the
appropriate stimulus control of the model’s behavior, and not of the (physical) prompt.
Informal Comments
This imitation intervention has not been replicated throughout the classroom,
though components of it have been included in imitation procedures within our
curriculum. First, the use of two tutors during imitation training has been implemented
for some students. The program specialists have been trained on the multiple prompting
techniques, including the modified most-to-least prompting. In our classroom, the tutor
working with the student uses a card to request a program specialist to come and assist
during the procedure as the prompter. Second, the use of the scrolling protocol has been
approved on a case-by-case basis with the classroom teachers, BCBAs, and program
specialists. If a student emits a high rate of errors and scrolls through responses during
the imitation training procedure (whether it is the modified or the classroom procedure)
the program specialist observes the tutor and ensures the treatment integrity is high,
before introducing an error protocol. Lastly, the program specialists have included the
generalization tests into their programming. Program specialists, at the very least, assess
multiple imitative responses prior to implementing the imitation training procedure. And,
ideally, assess for generalization frequently after the acquisition of new responses.
We observed scrolling across all three students and with other students in the
classroom outside of this intervention. Currently, there is not substantial research and
literature to determine effective interventions to reduce scrolling, nor does the research
explain this behavioral pattern of responding. We observed interesting patterns of
responding when students engaged in response scrolling. The two most notable
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observations included the types (or sequences) of responses and the similarity of
responses emitted to the model. It is worth analyzing if the sequence of the scrolling
responses is consistent. For example, consistent chains of response scrolling such as,
‘tapping the table’, ‘clapping hands’, then ‘raising arms up’, before the student emitted
the “correct” imitative response (i.e., the response being modeled by the tutor). This
warrants further investigation into the schedule of reinforcement when sequencing
targets; or analyzing it in terms of the matching law where the relative rate of
reinforcement is related to the relative rate of responding. Additionally, it is worth
analyzing which errors are made and the properties of the response in relationship to the
model. For example, if ‘tapping the table’ was the modeled response and the student
engaged in ‘tapping the wall’ or ‘clapping’. This pattern may warrant further
investigation into the controlling variables of those responses. This may be due to the
responses being controlled by other properties of the modeled responses, such as the
sounds produced by the model (e.g., ‘tapping’ and ‘clapping’) or the lack of sounds (e.g.,
‘arms up’ and ‘waving’).
Lastly, there have been numerous research projects in our classroom over the
years. These projects are our best attempts to constantly provide effective interventions
and continuously improve the quality of the procedures in the curriculum. A lot of the
projects consist of evaluating components of larger projects or intensively working on a
skill-acquisition procedure when previous attempts had been unsuccessful for a student.
More recently, projects have examined and analyzed the global measures in our
curriculum. This should continue to aid in determining effective measures of progress
through the curriculum, in addition to the measurements in place for individual progress
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on a procedure. Furthermore, projects focusing on the acquisition of imitation will
continue to refine our imitation-training curriculum.
Conclusions and Future Directions
Traditional discrete-trial imitation training uses the model’s behavior and a
specific vocal instruction to set the occasion for an imitative response. In later
environments, the student must learn to discriminate what to imitate and what not to
imitate, without the supportive SD, “do this” (Brown, Brown, & Poulson, 2008). It is
important to plan for these discriminations and program them into the imitation training.
Appropriate stimulus control and prompting techniques should be discussed with their
relevance to generalized imitation and the transfer of imitation training outside of a
discrete-trial-training environment. Long-term goals should include the students have the
requisite skills to imitate when appropriate, with minimal prompts, to demonstrate
generalized imitation, and to engage in observational learning.
Future research should evaluate the critical prerequisite skills necessary for the
acquisition of imitative behaviors. There should be consideration for the prerequisite
cusps, and sequencing of training those skills. Additionally, the components for
establishing stimulus control and effective prompting techniques need further review.
Future research should examine the maintaining contingencies for scrolling motor
responses, both with imitation training and other skill-acquisition procedures. Additional
research may continue to explore the use of shaping methods as a way to first establish
imitative behaviors, then increase the accuracy of those behaviors with physical prompts.
Using physical prompts secondly, after shaping, in the training may reduce the faulty
stimulus control and prompt-dependency issues that arise with low-performing students.
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There are varying practices surrounding the use of physical-prompting strategies to teach
imitation, but there does not seem to be a consistent way to determine which prompting
strategy will be most successful for a particular learner. Future research is needed in this
area, for imitation and other skill domains or behavioral cusps.
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Appendix A
Imitation Graph for Elton
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Figure 1. Percentage of trials with responses for all phases of imitation training for Elton.
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Appendix B
Graph of Prompted-Response Sessions for Elton
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Figure 2. Percentage of trials with responses for only the modified physical prompting phases of imitation training for Elton.
The prompted session numbers correspond to the training sessions from the imitation graph.
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Appendix C
Imitation Graph for Easton
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Figure 3. Percentage of trials with responses for all phases of imitation training for Easton.
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Appendix D
Graph of Prompted-Response Sessions for Easton
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Figure 4. Percentage of trials with responses for only the modified physical prompting phases of imitation training for Easton.
The prompted session numbers correspond to the training sessions from the imitation graph.
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Appendix E
Imitation Graph for Leah
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Figure 5. Percentage of trials with responses for all phases of imitation training for Leah.
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Appendix F
Graph of Prompted-Response Sessions for Leah
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Figure 6. Percentage of trials with responses for the modified physical prompting phases of imitation training for Leah. The prompted
session numbers correspond to the training sessions from the imitation graph.
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Appendix G
Shaping Procedure Write-Up
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Procedure Write-Up:
Shaping Physical Imitation
Goal: To establish physical (gross-motor) imitative responses that match the topography
of the model. The student will imitate the model’s behavior, with 80% or greater
accuracy for 3-consecutive sessions or 90% or greater accuracy for 2-consecutive
sessions, per each training phase. Sessions may include 10 to 20 training trials. These
phases are outlined to establish the first set of imitative behaviors through gradually
increasing the response topography to be more similar to the model’s behavior by,
reinforcing successive approximations. After 2 or 3 imitative behaviors have been
established the physical-prompting protocol may be introduced.
Special notes: If the student performs a series of incorrect responses (scrolling through
other motor responses), or engages in self-stimulatory behavior, gently interrupt and
block the response(s) and place the student’s hands into a ‘quiet hands’ position for 10 s
(while providing minimal contact and attention). Then, have the student do a highprobability response, conduct a preference assessment, and start a new imitation-training
trial. See the scrolling protocol for further details. Additionally, this procedure should be
implemented by one, highly-trained tutor, due to the subjective nature involved in
selecting reinforceable responses, per the changing criterion.
Appropriate participants: Students who do not demonstrate an imitative repertoire, but
have the appropriate prerequisite skills: eye contact, tracking, and appropriate in-seat
behavior. This procedure may benefit students who have been unsuccessful in other
imitation-training procedures, and had been unsuccessful at fading out physical prompts.
This procedure may not be appropriate for students who have an imitative repertoire but
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are not responding often or accurately to the tutor’s model, instead other teaching
techniques need to be evaluated.
Shaping Part 1
The student is seated across from the tutor, and the tutor ensures the student is in a
“quiet hands” position. The tutor delivers the SD, “do this” while engaging in the one of
the two target imitative behaviors (clapping hands or tapping the table), for 20 s. The
tutor may repeat the SD again throughout the model if the student stops attending to the
model.
Phase 1A: The tutor taps (or claps) with both hands, for 20 s. A correct response: Student
places any part of hand (or hands) onto the table within the 20-s timeframe while the tutor
is modeling the response. If clapping is the target response, the student places their hands
together (palms inward) within the 20-s time frame. Then, immediately present a highly
preferred toy or edible, plus a social praise statement such as “good job”. An incorrect
response: Student does not place hands on the table within the 20-s model, OR, the
student engages in scrolling behaviors. If clapping is the target response, the student does
not place their hands together (palms inward) within the 20-s model. Then, end the trial,
do a high-probability response, and then conduct a quick forced-choice preference
assessment and begin the next training trial. If scrolling occurs, block and place in quiet
hands (see scrolling protocol).
Phase 1B: The tutor taps (or claps) with both hands, for 20 s. A correct response: Student
places any part of hand (or hands) onto the table and lifts up within the 20-s time frame
while the tutor is modeling the response. If clapping is the target response, the student
places their hands together (palms inward), and separates hands within the 20-s time
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frame. Then, immediately present a highly preferred toy or edible, plus a social praise
statement such as “good job”. An incorrect response: Student does not place hands on the
table and lifts up within the 20-s model, OR, the student engages in scrolling behaviors. If
clapping is the target response, the student does not place their hands together (palms
inward) and separates hands within the 20-s model. Then, end the trial, do a highprobability response, and then conduct a quick forced-choice preference assessment and
begin the next training trial. If scrolling occurs, block and place in quiet hands (see
scrolling protocol).
Phase 1C: The tutor taps (or claps) with both hands, for 20 s. A correct response: Student
places any part of hand (or hands) onto the table, lifts up, and places hands back onto the
table within the 20-s time frame while the tutor is modeling the response. If clapping is
the target response, the student places their hands together (palms inward), separates
hands, and places hands back together again within the 20-s time frame. Then,
immediately present a highly preferred toy or edible, plus a social praise statement such
as “good job”. An incorrect response: Student does not complete all 3-component
responses of tapping the table within the 20-s model, OR, the student engages in scrolling
behaviors. If clapping is the target response, the student does not complete all 3component responses of clapping within the 20-s model. Then, end the trial, do a highprobability response, and then conduct a quick forced-choice preference assessment and
begin the next training trial. If scrolling occurs, block and place in quiet hands (see
scrolling protocol).
Phases 1D, 1E, and 1F: These phases include the systematic decrease of the 20-s model,
by 5-s increments. If during phase 1C, the student is responding with the complete and
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accurate responses, within the 20-s timeframe, you may adjust and combine phases 1C
with 1D-F, as appropriate. The goal of these phases is to have the student respond to the
model within a 5-s latency, which is more typical of the instructions provided in our
classroom.
Additional Shaping
Subsequent training targets should be sub-divided into approximations. For example, the
training response of raising both arms up, should include response approximations of 3
phases: arms at or above the waist area, arms at or above shoulders, and arms at or above
the head. Then, the model and length of the latency should be systematically decreased.
The same phase-change criterion may be used: 3-consecutive sessions at 80% or greater
accuracy, or 2-consecutive sessions at 90% or greater. Sessions may include 10 to 20
training trials.
Generalization Test: After the acquisition of 2 or 3 imitative behaviors, a generalization
test should be conducted to assess for responding to novel targets. The generalization test
should also facilitate appropriate targets for the next phase of imitation training. A
combination of gross-motor, fine-motor, and manipulative-imitation responses should be
used in the generalization test.

66

Appendix H
Prompting Procedure Write-Up
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Procedure Write-Up:
Physical Prompting
Goal: To establish physical (gross-motor) imitative responses that match the topography
of the model, using a modified most-to-least prompting method. The student will imitate
the model’s behavior, with 80% or greater accuracy and independence for 3-consecutive
sessions, or 2-consecutive sessions at 90% or greater, or at least 1 session with 100%
independent and accurate responding. These prompt levels are outlined to establish the
first few imitative behaviors by using a modified physical prompting procedure to
facilitate more accurate response topographies, efficiently. This prompting method was
implemented after 2 or 3 imitative behaviors were already established. Though, it may
establish initial imitative responding.
Special notes: If the student performs a series of incorrect responses (scrolling through
other motor responses), or engages in self-stimulatory behavior, gently interrupt and
block the response(s) and place the student’s hands into a ‘quiet hands’ position for 10 s
(while providing minimal contact and attention). Then, have the student do a highprobability response, conduct a preference assessment, and start a new imitation-training
trial. See the scrolling protocol for further details. Additionally, a second tutor should be
present for all training sessions, as this procedure requests the use of a second tutor to
provide the prompting from behind the student.
Appropriate participants: Students who do not demonstrate accurate imitative
responses to a novel model, but are responding to the model’s behavior. Additionally, it
is necessary that the students have the appropriate prerequisite skills: eye contact,
tracking, and appropriate in-seat behavior. This procedure may benefit students who have
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been unsuccessful in other imitation-training procedures, or had been unsuccessful at
fading out physical prompts. This procedure may not be appropriate for students who
lack the appropriate prerequisite skills, as it may promote prompt-dependent sessions.
Modified Physical Prompting
The student is seated across from the tutor, and the tutor ensures the student is in a
“quiet hands” position. The tutor delivers the SD, “do this” while engaging in one of the
two new target imitative behaviors (pat stomach or touch mouth), for 5 s. A second tutor
is seated behind the student, as a prompter, and provides gradual assistance for the
student to complete the response and prevent the student from emitting an incorrect
response. The prompter provides assistance at the elbow for all training responses that
use the arms and hands. Additionally, the prompter should provide light assistance to the
student, as to not complete the response for the student. The prompter needs to monitor
the model’s behavior and the student’s behavior during each trial to ensure that the
student is observing the model’s behavior.
Prompt Level 1: The tutor pats their stomach (or touches their face) with one hand, for 5
s. After 1 s, the prompter (seated behind the student) provides a prompt at the student’s
elbow and assists the student to move their arm inward toward their stomach (or upward
toward their face). A correct response: Student complies with the prompt and places their
hand onto their stomach (or face) within the 5-s time frame while the tutor is modeling
the response. Then, immediately present a highly preferred toy or edible, plus a social
praise statement such as “good job”. An incorrect response: Student resists the elbow
prompt, does not place hand on their stomach (or face) within the 5-s model, OR, the
student engages in scrolling behaviors. Then, end the trial, do a high-probability
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response, then conduct a quick forced-choice preference assessment and begin the next
training trial. If scrolling occurs, block and place in quiet hands (see scrolling protocol).
Prompt Level 2: The tutor pats their stomach (or touches their face) with one hand, for 5
s. After 1 s, the prompter (seated behind the student) provides a prompt at the student’s
triceps (back of the upper arm) and assists the student to move their arm inward toward
their stomach (or upward toward their face). A correct response: Student complies with
the prompt and places their hand onto their stomach (or face) within the 5-s time frame
while the tutor is modeling the response. Then, immediately present a highly preferred
toy or edible, plus a social praise statement such as “good job”. An incorrect response:
Student resists the triceps prompt, does not place hand on their stomach (or face) within
the 5-s model, OR, the student engages in scrolling behaviors. Then, end the trial, do a
high-probability response, then conduct a quick forced-choice preference assessment and
begin the next training trial. If scrolling occurs, block and place in quiet hands (see
scrolling protocol).
Prompt Level 3: The tutor pats their stomach (or touches their face) with one hand, for 5
s. After 1 s, the prompter (seated behind the student) provides a prompt at the student’s
armpit area (higher-up and back of the upper arm) and assists the student to move their
arm inward toward their stomach (or upward toward their face). A correct response:
Student complies with the prompt and places their hand onto their stomach (or face)
within the 5-s time frame while the tutor is modeling the response. Then, immediately
present a highly preferred toy or edible, plus a social praise statement such as “good job”.
An incorrect response: Student resists the armpit prompt, does not place hand on their
stomach (or face) within the 5-s model, OR, the student engages in scrolling behaviors.
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Then, end the trial, do a high-probability response, then conduct a quick forced-choice
preference assessment and begin the next training trial. If scrolling occurs, block and
place in quiet hands (see scrolling protocol).
Prompt Level 4: The tutor pats their stomach (or touches their face) with one hand, for 5
s. After 1 s, the prompter (seated behind the student) provides a prompt at the student’s
shoulder (from behind) and assists the student to move their arm inward toward their
stomach (or upward toward their face). A correct response: Student complies with the
prompt and places their hand onto their stomach (or face) within the 5-s time frame while
the tutor is modeling the response. Then, immediately present a highly preferred toy or
edible, plus a social praise statement such as “good job”. An incorrect response: Student
resists the shoulder prompt, does not place hand on their stomach (or face) within the 5-s
model, OR, the student engages in scrolling behaviors. Then, end the trial, do a highprobability response, then conduct a quick forced-choice preference assessment and
begin the next training trial. If scrolling occurs, block and place in quiet hands (see
scrolling protocol).
Prompt Level 5: During this phase, the student should independently emit the correct
response. The tutor pats their stomach (or touches their face) with one hand, for 5 s. A
correct response: Student places their hand onto their stomach (or face) within the 5-s
time frame while the tutor is modeling the response. Then, immediately present a highly
preferred toy or edible, plus a social praise statement such as “good job”. An incorrect
response: Student does not place hand on their stomach (or face) within the 5-s model,
OR, the student engages in scrolling behaviors. Then, end the trial, do a high-probability
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response, then conduct a quick forced-choice preference assessment and begin the next
training trial. If scrolling occurs, block and place in quiet hands (see scrolling protocol).
Prompted Responses
Subsequent training targets should be outlined with regard to appropriate prompt levels,
before training sessions begin. For example, the training response of stomping feet,
should include an assessment of physical prompt sat appropriate areas of the knees, lower
legs, or feet, depending on how the student responds to such physical contact.
Additionally, it is important to ensure the student maintains an observing response to the
model’s behavior before and during these physical prompts. The same phase-change
criterion may be used: 3-consecutive sessions at 80% or greater accuracy, or 2consecutive sessions at 90% or greater, or at least 1 session with 100% independent and
accurate responding. Sessions may include 10 to 20 training trials.
Generalization Test: After the acquisition of every 2 or 3 imitative behaviors, a
generalization test should be conducted to assess for responding to novel targets. The
generalization test should also facilitate appropriate targets for the next phase of imitation
training. A combination of gross-motor, fine-motor, and manipulative-imitation
responses should be used in the generalization test.
Within-Session Prompt Fading
If acquisition is going well during training trials, and the prompter is able to provide
little-to-no prompting, consider moving to within-session prompt fading. The prompter
provides the elbow prompt for 2-training trials, and subsequently fades the level of
assistance by moving through the modified prompting hierarchy within one training
session. For example, within a session: trials #1 and #2 are prompted at the elbow; trials
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#3 and #4 are prompted at the bicep; trials #5 and #6 are prompted at the armpit; trials #7
and #8 are prompted at the back of the shoulder; and trials #9 and #10 are independent
trials. The next session may permit for all independent responding. This protocol may set
up a more efficient training methodology. The prompter may move up prompting levels if
the student does not complete accurate responses.
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Appendix I
Error Protocol
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Protocol for Errors & Scrolling Behaviors
Procedure: Imitation
Scrolling: a series of incorrect responses to the model; sometimes ending with the
imitative response matching the modeled response.
SD/Before:

Student Behavior:

Tutor Behavior/After:

● Before the SD or

● Student scrolls

● Do NOT model the target response.
● Gently place student in a ‘quiet hands’

model, when you
remove the
tangible, or obtain
eye contact.
● During the SD or

modeled target
response. 3

before you deliver
the SD.

position for a 5-10 s, and then begin the
model once you have attending
behaviors.

● Student engages in

● Tutor immediately blocks the incorrect
an incorrect
response(s), AND
response/
● Gently place student in a ‘quiet hands’
topography4 (scrolls)
position5 for 5-10 s.
during OR after the
● Slightly turn away and “ignore” during
model.
the 5-10 s.
● Ensure that the student is monitored and
not engaging in further scrolling or
stereotypy.
● After the 5-10 s, represent the SD and
model again for the same trial. 6

Things to Remember:
 The prompting protocols may vary by procedure.
o Use two tutors (model and prompter)
 Model’s responsibilities:
 Ensure attending
 Ensure child is NOT scrolling/engaging in alternative
behavior(s)
 Have a highly-preferred reinforcer
 Present SD, “do this”
 Prompter’s responsibilities:
 Prevent scrolling7
 Know the current prompt level
 Block incorrect responses
3

Target response is modeled for a predetermined amount of time, specific to each phase.
Incorrect response form or a series/sequence of other responses.
5
Do NOT hold the student’s hands down: you may hover over them.
6
Repeat model up to two times before moving to the next trial.
7
For example: If target is ‘tap table’, don’t let the student begin to ‘clap hands’
4
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Appendix J
Generalization Test
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Appendix K
Sample Data Sheet
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Date:

Target

Initials:

+/-

Prompt
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Scroll(s)

Appendix L
Treatment Integrity Data Sheet
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Appendix M
Historical Classroom Data Manuscript
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Numerous studies replicating the findings of Lovaas (1987) have shown that most
students receiving behavioral interventions at an early age make significant progress
(Eikeseth, Smith, Jahr, & Eldevik, 2002; Howlin, Magiati, & Charman, 2009; McEachin,
Smith, & Lovaas, 1993; Perry, Cummings, Geier, Freeman, Hughes, Managhan, Reitzel,
& Williams, 2011; Sallows & Graupner 2005). However, there are students who do not
make significant progress in spite of the early behavioral interventions. Several
researchers have described pretreatment variables that are highly correlated with or seem
to predict later outcome (Perry, et al., 2011; Sallows & Graupner, 2005). This preliminary
study sought out to identify students in our classroom who may be categorized into this
subgroup of low performers who do not make significant progress.
A group of doctoral students in the behavior analysis training system (BATS), at
Western Michigan University, sought to identify whether there were predictors, or
indicators, of student trajectories in our classroom. The classroom was a part of an early
childhood special education (ECSE) preschool, in southwest Michigan. The classroom
was staffed with two teachers, and typically, four doctoral assistants who were Board
Certified Behavior Analysts (BCBA®), 30 master’s students who received training and
intensive supervision for certification to become BCBAs, and 15-20 undergraduate
psychology students who worked one-on-one with the ECSE students as their practicum
experience. This classroom partnership began in 1995, and over the years various
tracking systems were in place to monitor student progress. While many systems
maintained, there was not a consistent way to determine a student’s responsiveness to
specific curriculum domains as an outcome predictor. Furthermore, there was a need for
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determining which skills were most critical for progress to the next academic placements,
and using that information as outcome measures.
The first goal was to analyze different outcome groups from previous students and
use those data to determine the different trajectories of current student performance.
Another goal was to determine which components of the classroom curriculum were
likely indicators of students’ future progress. Once those areas were determined, the
researchers provided supplemental and specialized interventions, earlier, for students who
were failing to acquire skills and who were identified to be on a low-academic trajectory.
The researchers of this project worked with the classroom teachers to identify
students who were not likely to be successful with the standard curriculum and then
provided supplemental supports to the students’ curriculum. Due to the intensity of the
interventions and the molecular approach to teaching the skills, these supports often came
in the form of doctoral dissertations and masters’ projects. The researchers used the
science-based practitioner model (Azrin, 1977; Malott, 2017), on a molecular level, to
promote appropriate early learner skills.

Literature
Lovaas
Lovaas’s (1987) seminal article reported on a behavioral-intervention project
(which begun in 1970) that provided children with autism intensive-behavioral treatment.
The children were assigned to one of two groups: an intensive-treatment experimental
group (n=19) that received more than 40 hours of on-to-one treatment per week, or the
minimal-treatment control group (n=19) that received 10 hours or fewer of one-to-one
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treatment per week. Both treatment groups received treatment for two or more years.
There were 20 pretreatment measures; and the children in the study represented an
average (or below-average) sample of children with autism in general.
Treatment consisted behavior modification based on reinforcement-based
(operant) theory and discrimination-learning data and methods. Behavioral deficiencies
were targeted and high rates of aggressive and self-stimulatory behaviors were reduced. It
is important to note that those behaviors were reduced by being ignored; by the use of
time-out; by the shaping of alternate, more socially acceptable forms of behavior; and as
a last resort, by the contingent delivery of aversives. Contingent physical aversives were
not used in the control group. There were no significant differences between the groups
except for chronological age at onset of treatment. Control subjects were six months older
on average than experimental subjects. The numbers of favorable versus unfavorable
prognostic signs on the pretreatment variables divided themselves equally between the
groups. In short, the two groups appear to have been comparable at intake (Lovaas,
1987).
At follow-up testing, the experimental group was significantly higher than the
control groups on educational placement and IQ. In the control group, only 2% of the
children achieved normal educational and intellectual functioning; 45% were mildly
impaired and in delayed-classes; and 53% were severely impaired and in more-restrictive
(autistic) academic placements. In contrast, the experimental group had 47% who
successfully passed through normal first grade in a public school and obtained an average
or above-average score on IQ tests (range = 94-120). Eight children (42%) passed first
grade in delayed-classes and obtained a mean IQ score within the mildly-retarded range
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of intellectual functioning (IQ range 56-95). Only two children (10%) were placed in
more-restrictive classes for severely impaired children and scored in the profoundlyretarded range (IQ <30) (Lovaas, 1987).
Sallows and Graupner
In 2005, Sallows and Graupner randomly assigned twenty-four children with
autism to a clinic-directed group or to a parent-directed group. Treatment was provided in
the home for both groups. The clinic group was to replicate the early intensive behavioral
treatment developed at UCLA (Lovaas, 1987) with more intense and regular supervision
and about 40 hours of treatment per week. The parent group received intensive hours,
averaging over 30 hours of treatment per week, but less supervision by equally welltrained supervisors. The outcome after four years of treatment, including cognitive,
language, adaptive, social, and academic measures, was similar for both groups. After
combining groups, it was reported that 48% of all children showed rapid learning,
achieved average post-treatment scores, and at the age of seven were succeeding in
regular education classrooms. The remaining children showed moderate learning and no
significant increase in post-treatment scores. Their findings also suggested that the
strongest pretreatment variables to predict treatment outcome were imitation, language,
daily living skills, and social responsiveness. However, numerous hours and intensive
supervision were not sufficient to make up for low levels of pretreatment skills.
As noted in previous studies, low IQ (below 44) and absence of language (no
words at 36 months) predicted limited progress; whereas the rate of learning, imitation,
and social relatedness predicted favorable outcomes (Sallows & Graupner, 2005).
Similarly, Lovaas (1987) reported almost half of children in the experimental group
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achieved a measure of “normal functioning” compared to 2% of the children in the
control group. Though there have been several (partial) replications of the Lovaas (1987)
study with similar results, though the replications have been completed without the use of
aversives and with fewer children reaching average levels of functioning.
Perry et al.
In 2011, Perry et al. conducted a report on predictors of outcome in 322 children,
aged 2-7 years, and enrolled in the community-based intensive behavioral intervention in
Canada. There were four predictors measured at intake to examine the relationship of
children’s outcomes to age at entry, IQ, adaptive scores, and autism severity.
Additionally, the researchers examined the correlates and predictors more closely in two
of the subgroups of children. The two extreme outcomes groups that were closely
analyzed included children with outcomes in the average range and those with poor
outcomes. They also examined the proportion of children from the younger and older
groups who fell into the seven categories of progress/outcome at the exit of treatment.
The seven categories of outcomes, ranged from best-to-worst outcome: average
functioning, substantial improvement, clinically significant improvement, less autistic,
minimal improvement, no change, and worse.
The results of this study examined the predictors of outcome. The age of entry
was analyzed by looking at whether children beginning intensive behavioral intervention
earlier show greater gains. A younger age at entry was correlated with milder autism
severity, and were likely to be in one of the better outcome groupings, at the exit. And,
initial IQ was very strongly correlated with outcome variables. Further analyses were
conducted on the subgroup of children who did not benefit from the program. This
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subgroup was comprised of the two outcome groups: “No Change” or “Worse”. These
two outcome groups included 75 children, which was 25% of the total children at exit
(Perry et al., 2011).
Problem and Purpose
About half of students receiving early intensive behavioral interventions make
significant academic and social gains but the remaining half may fail to “catch up” to
their peers in the top half, which may prevent them from moving out of restrictive
educational settings (Lovaas, 1987; Perry, et al., 2011; Sallows & Graupner, 2005).
Studies have also classified students into various outcome groups to better depict their
responsiveness to early behavioral interventions or the overall effectiveness of the
treatment.
Within that remaining half of students receiving EIBI, some fail to acquire
necessary skills for academic success. These students may be classified as slow-tomoderate learners. Within the slow-to-moderate population, there are students who are
not acquiring critical prerequisite skills, resulting in a lack of significant progress in
academic and functional living skills. For the purpose of this study, this subgroup of
students may be referred to as the bottom 10% of learners in EIBI programs. This group
may be on a low-academic trajectory, and some of these students may have difficulties
acquiring functional skills in terms of academic repertoires or independent daily living
skills.
The small group of students who fail to make progress in EIBI programs tend to
have few academic skills, have limited language, and may have high rates of problem
behaviors (Perry, et al., 2011). When evaluating outcome groups and the measures
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reported in the referenced studies, it is worth noting which skills, if any, were acquired in
the moderate learners, minimally improved, no change, or worse groups. There are very
few studies that focus on specific treatment for this small percentage of low-trajectory
students whose curricula was unsuccessful and resulted in slow-to-moderate learning, or
resulted in outcome groups such as no change or worse. Slow progress throughout early
behavioral interventions hinders the ability to progress toward a less-restrictive academic
environment. In order to prevent inefficient or ineffective teaching strategies, we must
examine our teaching methods for these critical skills in our classroom curriculum.
Historical Classroom Data Analysis
The BATS research group of doctoral students worked to classify students placed
in various academic settings following their time in our ECSE classroom. The classroom
teachers placed students in their subsequent classrooms. To determine the next
appropriate educational environment, the teachers used factors such as a student’s
progress through the curriculum, the absence of problem behaviors, and independence
during activities of daily living. We collected data on a sample of previous ECSE
students’ performance in our classroom curriculum. We then determined if there were
critical repertoires, correlating to specific procedures in our curriculum, which were
different amongst outcome groups.
First, we categorized a sample of students who had been placed in different
follow-up classrooms. One group of students went to more-restrictive environments and
the other group of students progressed to less-restrictive environments. The groups will
be referred to as the low-trajectory group and the high-trajectory group. The goal was to
analyze the key differences between these two groups to identify similar learners, earlier.
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We examined their rates of skill acquisition for each of the procedures and the
different procedures that were acquired between groups. Then, we analyzed each
student’s curriculum performance. We looked at the number of procedures that were
mastered or removed due to lack of progress. Additionally, we measured the number of
months each student spent in the classroom, as well as academic placement after our
classroom. The high-trajectory group had mastered procedures at an average rate of 3.18
procedures per month. The low-trajectory group had mastered procedures at an average
rate of 1.35 procedures per month. Furthermore, the high-trajectory group averaged 11
months in the ECSE classroom, whereas the low-trajectory group averaged 19 months in
the classroom.
Although there was a difference in the rate of procedures mastered between the
two groups, there are significant differences between the types of procedures mastered.
The students who mastered procedures at a higher rate were able to progress through
curriculum and contact more complex procedures. Additionally, those students may have
demonstrated more skills upon beginning in our classroom, and therefore they did not
start with the same basic-level procedures. While the two groups’ procedures may not be
exact or lead to specific comparison across procedures, it was one of our best measures
available in terms of identifying performance characteristics for the rate of acquisition.
After analyzing the low-trajectory group, we identified students who had high
rates of errors and problematic-learning patterns in their curriculum. These students often
had multiple procedures that met whistle-blow criteria, which meant there were at least 5consecutive sessions with less than 50% correct responding, or at least 20-consecutive
sessions without progressing to the next component of the procedure.

92

These students required more intensive modifications to their procedures such as
additional or alternate prompting methods and simplified teaching components focusing
on simple discriminations. Additionally, there were often supplemental procedures
implemented for these students. Program specialists 8 often went back to previous
procedures and reintroduced prerequisite skills training, even after a student had
previously met mastery because the skill had not maintained. The program specialists
also created supplemental procedures to facilitate maintenance and generalization of
skills over time to address these issues. Lastly, some of these students had procedures
removed from their curriculum. This was often due to unsuccessful attempts at teaching
the skills, or replacing the current procedure with a modified and more-simple version of
the skill before coming back to the original teaching procedure.
Conclusions and Future Directions
The results of this study include a summary of performance in six different
curriculum areas (i.e., skill domains) that were determined to be most critical (see Tables
#1-6). The progress of these procedures in the curriculum is highlighted by the
differences between outcome groups (by classroom placements). The tables include the
number of trials to mastery and duration of time spent in those critical programs, across
the two different outcome groups.
As a result of these data, current students’ curriculum progress was monitored
more closely. A lack of responsiveness to these critical procedures was used as a means
of identification for intensive interventions and supplemental supports. The research
group worked to address appropriate skill acquisition, maintenance, and generalization,

8

The program specialists are graduate students who work directly with the classroom teachers to plan curricula for the
student(s). Program specialists receive BACB® intensive-practicum supervision.
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by ensuring that the core prerequisite skills were taught to the current students as part of
the early-learner curriculum. Once students have learned the prerequisites, it should
increase the likelihood that they learn the relevant advanced skills more readily in
discrete-trial training. Furthermore, it should also increase the likelihood that they will be
more successful in subsequent academic environments.
Our best attempt to utilize molecular analyses to promote skill acquisition
occurred through intensive interventions following this study. More recently, other
research projects have continued to refine and analyze the data-collection system in the
classroom, the student progress tracking systems, and the response-to-intervention
supports for program specialists. It is our goal to use these data and the data collected
from new projects to continuously revise components of the curriculum, to promote rapid
skill acquisition, and continuously evaluate outcome placements for our students.
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Appendix N
Tables of Historical Classroom Data
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Table 1
Historical Curriculum Data: Receptive Language Program
Receptive Language (Instructions)

LT 1

Date
Started:
2/13/12

Date
Mastered:
4/18/12

LT 2

-

-

-

LT 3

9/21/11

11/28/11

790

LT 4

10/11/12

12/11/12

510

LT 5

-

-

Replaced

LT 6

7/16/12

8/9/12

290

LT 7

-

-

Replaced

LT 8

-

-

-

LT 9

-

-

-

LT 10

-

-

-

LT 11

-

-

-

LT 12

-

-

Replaced*

LT 13

-

-

-

HT 1

3/2/12

4/17/12

300

HT 2

-

-

-

HT 3

-

-

-

HT 4

-

-

-

HT 5

2/27/12

3/21/12

180

HT 6

-

-

-

HT 7

11/7/11

11/16/11

200

HT 8

-

-

-

HT 9

-

-

-

Student:

# of Trials
490

HT 10
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum. The
* means that was the second attempt at the procedure, it had previously been
unsuccessful.
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Table 2
Historical Curriculum Data: Matching Program
Matching-to-Sample (3D Objects)

LT 1

Date
Started:
11/14/11

Date
Mastered:
11/29/11

LT 2

11/4/10

11/10/10

30

LT 3

10/21/11

10/26/11

80

LT 4

9/27/12

4/23/13

1170

LT 5

8/16/11

9/12/11

120

LT 6

6/15/11

9/27/11

850

LT 7

6/14/11

9/12/11

120

LT 8

9/21/09

10/12/09

410

LT 9

5/18/10

7/15/10

540

LT 10

-

-

Replaced

LT 11

-

-

Replaced

LT 12

-

-

-

LT 13

-

-

-

HT 1

12/12/11

1/11/12

110

HT 2

12/1/10

3/28/11

680

HT 3

4/19/12

5/31/12

430

HT 4

3/1/12

3/13/12

110

HT 5

10/28/11

11/2/11

80

HT 6

11/16/10

11/22/10

90

HT 7

9/27/11

10/10/11

120

HT 8

10/3/11

10/24/11

380

HT 9

-

-

-

Student:

# of Trials
100

HT 10
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum.
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Table 3
Historical Curriculum Data: Receptive Language Program
Receptive Identification (3D objects)

LT 1

Date
Started:
4/13/11

Date
Mastered:
12/15/11

LT 2

2/10/11

3/10/11

150

LT 3

-

-

Replaced

LT 4

-

-

Replaced

LT 5

-

-

Replaced

LT 6

7/3/12

10/12/12

790

LT 7

-

-

Replaced

LT 8

-

-

Replaced

LT 9

-

-

Replaced

LT 10

-

-

-

LT 11

-

-

-

LT 12

-

-

-

LT 13

-

-

Replaced

HT 1

4/9/12

7/19/12

570

HT 2

1/25/12

3/16/12

330

HT 3

4/9/12

5/16/12

340

HT 4

5/19/12

7/11/12

400

HT 5

1/25/12

4/19/12

800

HT 6

8/11/11

10/6/11

360

HT 7

12/8/11

7/6/12

1130

HT 8

-

-

Replaced

HT 9

7/2/12

10/18/12

570

Student:

# of Trials
1360

HT 10
1/23/12
2/27/12
510
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum.
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Table 4
Historical Curriculum Data: Receptive Language Program
Eye Contact (Receptive Directions)

LT 1

Date
Started:
-

Date
Mastered:
-

LT 2

11/4/10

2/7/11

620

LT 3

6/4/10

1/19/11

1590

LT 4

1/30/12

9/20/12

1600

LT 5

3/22/11

8/17/11

1710

LT 6

10/11/11

4/19/12

1800

LT 7

-

-

Replaced

LT 8

-

-

-

LT 9

-

-

Replaced

LT 10

-

-

Replaced

LT 11

-

-

Replaced

LT 12

-

-

Replaced

LT 13

-

-

-

HT 1

11/7/11

4/20/12

1260

HT 2

-

-

-

HT 3

3/20/12

4/16/12

250

HT 4

2/22/12

3/20/12

270

HT 5

-

-

-

HT 6

-

-

-

HT 7

-

-

-

HT 8

-

-

-

HT 9

3/15/12

4/27/12

480

Student:

# of Trials
-

HT 10
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum.
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Table 5
Historical Curriculum Data: Object Imitation Program
Manipulative Imitation with Objects

LT 1

Date
Started:
4/14/11

Date
Mastered:
10/4/11

LT 2

3/21/11

4/13/11

220

LT 3

1/25/12

9/19/12

1870*

LT 4

-

-

Replaced

LT 5

12/9/11

7/17/12

1325

LT 6

4/26/12

9/24/12

930*

LT 7

-

-

Replaced

LT 8

-

-

Replaced

LT 9

-

-

Replaced

LT 10

-

-

Replaced

LT 11

-

-

Replaced

LT 12

-

-

-

LT 13

12/1/11

5/17/12

970

HT 1

-

-

-

HT 2

-

-

Replaced

HT 3

1/17/12

3/23/12

730

HT 4

2/8/12

3/27/12

490

HT 5

-

-

-

HT 6

-

-

-

HT 7

10/14/11

11/2/11

440

HT 8

-

-

-

HT 9

3/15/12

5/4/12

470

Student:

# of Trials
870

HT 10
1/20/12
2/13/12
370
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum. The
* means that was the second attempt at the procedure, it had previously been
unsuccessful.
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Table 6
Historical Curriculum Data: Imitation Program
Physical Imitation

LT 1

Date
Started:
-

Date
Mastered:
-

LT 2

1/10/11

2/24/11

340

LT 3

-

-

-

LT 4

11/18/11

2/16/12

1050

LT 5

9/20/11

11/30/11

750

LT 6

-

-

-

LT 7

9/19/11

9/28/11

230*

LT 8

-

-

Replaced

LT 9

-

-

-

LT 10

-

-

Replaced

LT 11

-

-

-

LT 12

-

-

Replaced

LT13

6/5/11

7/2/11

150

HT 1

7/18/11

12/3/11

1530

HT 2

-

-

-

HT 3

3/20/12

3/27/12

120

HT 4

1/17/12

2/1/12

270

HT 5

-

-

-

HT 6

11/16/10

12/2/10

370

HT 7

11/11/11

11/16/11

120

HT 8

1/30/12

2/20/12

220

HT 9

5/21/12

5/30/12

120

Student:

# of Trials
-

HT 10
Note. The term Replaced means that the procedure was removed from the student’s
curriculum and replaced with an alternate version, or replaced with a different procedure.
The - means that the procedure was never implemented into the student’s curriculum. The
* means that was the second attempt at the procedure, it had previously been
unsuccessful.
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